In this work, a SIA system employing an alkaline phenolphthalein reagent with simple cost-effective spectrophotometric detection was investigated for the assay of acidity in fruit juice samples.
Experimental

Chemicals
All chemicals were of analytical reagent grade, and deionized water was used throughout. Citric acid monohydrated (Carlo Erba) was used to preparation of standard solutions of different acidity values.
Sodium hydroxide (EKA Nobel) and phenolphthalein (Merck) were used to prepare reagent solutions.
SIA manifold
A laboratory-made SIA analyzer (Center for Biotechnology, University of Turku, Finland) consisting of a syringe pump, a holding coil (200 cm), 2 of six port selection valves, a reaction coil (100 cm), a simple spectrophotometer (Spectronic 21, Bausch & Lomb, USA) with a 10 mm path length flow-through cell (Hellma, Germany) and a personal computer was used. Figure 1 shows a diagram of the SIA manifold used. All tubings were 0.6 mm i.d. Teflon. An in-house software (AnalySIA, Center for Biotechnology, University of Turku, Finland) was used to control the system and to collect data from the detector via a plug-in interface card (Lab PC+, National Instruments, USA). The analysis was performed automatically following sequences that were written as a computer program called an AnalySIA script language (ASL).
Firstly, all of the tubings were cleaned by washing with deionized water. Then, sample or standard solutions, and the reagents were drawn to fill the sample or standard and reagent lines, respectively. The sequences for determining acidity were carried out as follows. First, the syringe of the pump was filled with 1500 µl of the carrier solution (water). Then, 30 µl of phenolphthalien and 50 µl of sodium hydroxide solutions were sequentially aspirated from the valve SV2 into a holding coil. Next, 50 µl of a sample or standard solution was inserted via the SV1 in between the two previous zones at about the interface of the zones. The sequence of zone became phenolphthalein: sample: sodium hydroxide. Finally, the zones were propelled through a mixing coil to a detector, while the transmission at 552 nm was monitored. The peak area was evaluated from the obtained SIA profile. The calibration graph was a plot of the peak area versus the acidity contents, expressed as the citric acid concentrations.
Results and Discussion
Optimization
The effects of the aspiration sequences of the standard/sample and the reagents, the concentrations and volumes of the reagents, volume of the standard/sample, and the flow rate of transporting solutions to the detector were investigated. Conditions that provided good slopes and linearity calibration graphs for the acidity contents in the ranges of 0.2 -1.0 and 0.5 -2.5%, which are normally found in samples, were considered to be appropriate. The obtained optimization ranges and suitable conditions are summarized in Table 1 .
The effects of the concentrations of NaOH in the range of 0.025 -0.200 M were studied. A 50-µl volume of 0.1% (w/v) phenolphthalein, 50 µl of NaOH and 25 µl of citric acid standard solutions were sequentially aspirated before sending the zones to a detector. As can be seen from Fig. 2 , 0.150 M NaOH provided a linear calibration graph. The effect of the volume of a NaOH solution (25 -100 µl) was investigated. It indicated that 50 µl NaOH should be suitable.
Phenolphthalein concentrations (0.025 -0.150% (w/v)) were tried by aspirating 50 µl of phenolphthalein, 50 µl of 0.150 M NaOH and 25 µl of citric acid standard solutions. The lowest phenolphthalein concentration that significantly promoted the signal was 0.05% (w/v).
Among the volumes of phenolphthalein solutions investigated (25 -50 µl), 30 µl provided the best results. Figure 3 shows the influence of standard/sample volumes (25 -100 µl). It was found that 25 µl of the standard/sample gave a linear calibration graph for 0.5 -2.5% acidity. A further study pointed out that a linear calibration graph with a higher slope for 0.2 -1.0% acidity could be achieved by using 50 µl of the standard/sample solution.
The flow rate (130 -200 µl s -1 ) for propelling the stacked zones to a detector was investigated. A calibration graph having a higher slope, but less linearity was obtained when a lower flow rate was used. A flow rate of 150 µl s -1 was chosen. Other aspiration sequences were also studied, as summarized in Table 2 . The aspiration sequence of phenolphthalein: sodium hydroxide: citric acid standard/sample gave a calibration graph having a better slope and linearity.
Verification of the developed SIA system
Solutions of bromothymol blue (BTB) dye (0.01% w/v) and borate buffer of pH 10 (0.1 M) were used to verify the developed SIA system, as follows.
Sequence of solutions
In order to evaluate the actual sequences of aspirated solutions, a volume of tubing connected between the 2 selection valves was evaluated by the spectrophotometric method. 15 A 158 ANALYTICAL SCIENCES JANUARY 2006, VOL. 22 series of known volumes (0 -200 µl) of BTB solution was pipetted into a 25 ml volumetric flask and then diluted to the mark with a borate buffer solution. The same dye solution was aspirated to fill the tubing between the valves, and then pushed into a 25 ml volumetric flask. After diluting with a borate buffer solution, the solution was taken to measure for the absorbance, and a calibration graph (plot of absorbance vs. volume of the dye solution) was constructed. The volume of tubing between the valves was examined from a calibration graph and found to be 50 µl, which would agree with the actual sequences of solutions (30 µl of phenolphthalein, 25 µl of sample and 50 µl of sodium hydroxide) for the operational sequences described earlier ( Fig. 1(b) ).
Precision of aspiration volume
To study the precision of the aspiration volume, a programmed preset volume (30 -100 µl) of BTB was aspirated and transferred into a 25 ml volumetric flask. After adjusting the volume to the mark with a borate buffer solution, the solution was taken to measure the absorbance and examined for the actual volume, as mentioned above. The relative standard deviations of triplicate results of all the volumes studied were less than 0.1%.
Effect of volume on dispersion
A 200 µl borate buffer, various volumes of BTB (10 -600 µl) and 200 µl borate buffer were sequentially aspirated, and then propelled to a detector. The obtained recorded profiles, depicted in Fig. 4 , exhibit the same height for a volume of 200 µl or more, while wider peaks are observed. This indicates that a zone volume of more than 200 µl may completely separate solutions on the two sides of the zone bolus, thus preventing any mixing of them together.
Investigation of zone penetration
Zone penetration was studied by using the conditions given in Table 1 , except that the reagents and sample solutions were replaced by a borate buffer solution or a BTB solution. The borate buffer solution was also used as a carrier. The investigated zone was replaced with a BTB while the others were replaced with a borate buffer solution. The overlay recorded profiles, using BTB for replace each reagent and sample, are represented in Fig. 5 . The overlap area (d in Fig. 5 ) of the profiles should indicate zone penetration, which would yield a reaction product.
Precision of the procedure
The precisions of the procedure were investigated for the analysis of standard solutions (0.2 -1.0% w/v citric acid) and fruit juice samples. The relative standard deviations (n = 11 for each concentration) were up to 1.0% for standard solutions and samples of fruit juices (containing acidities (as citric acid)) of 0.3 -0.6% (Table 3) , respectively. A sample throughput of 30 h -1 could be achieved.
Analysis of fruit juice samples
The developed procedure was applied to canned fruit juice samples, which were commercially available locally. The samples were filtered and/or diluted before subjecting to an assay by the developed SIA procedure and a conventional volumetric titration, 1 as presented in Table 3 . The results from the two methods were not significantly different (applying the ttest at the 99% confident level). 
